De structura calculorum penitiori ex acido urico constantium. SIJMMARIUJM. AD structuram suam in genera duo describi possunt calculi ex acido urico constantes: alii cancellati, ai'i compacti.
Pathological Section
Structura laminata ubicunque reperitur, concretionem passubus crevisse indicat: etsi credere licet nucleum ipsum citius ex liquore majus saturato ortum esse.
In the forty-sixth volume of the Pathological Society's Transactions 1 I have described, in conjunction with the late Dr. William M. Ord, the microscopic structure of urinary calculi composed of calcium oxalate. Although Dr. Vandyke Carter had previously published a small work on the microscopic structure of urinary calculi, his examination was very defective, for the reason that the only method practised by him consisted in the study of the minute particles obtained by crushing, or similar means of disintegration. In the communication referred to, I adopted the method of preparing microscopic sections of entire calculi after the manner employed by petrologists, and which I had already utilized for the examination of certain iridescent prostatic calculi, described in the thirty-seventh volume of the same Transactions.2 In the selection of material for microscopic study, calculi of small or moderate size are preferable, and those, moreover, from groups, in order that more than a single example may be examined, and a full chemical analysis carried out.
TECHNIQUE. The method consists in rubbing away half of the calculus on a file or on glass-paper, the final part of the grinding being carried out on a wet hone. In some calculi the nucleus is so differentiated as to readily allow of identification. This is, however, not always the case; one has to guard against the fallacy of mistaking the section of a zone around the proper nucleus for the nucleus itself, since both will present an equally circular figure. This difficulty is usually surmountable by examining the wet surface of the grinding at intervals with a hand lens. When doubt still exists the only sure method is to grind the calculus in two planes, at right angles to each other, so as to obtain a sector consisting of a fourth of the whole; the centre can then be determined by its exposure in both planes.
After the process is completed, the ground surface is carefully washed and cleared of debris by allowing water to drop from a height through a cone of filter paper; the half of the calculus so prepared is excluded from dust and allowed to dry. It is in the next place cemented to a slide with solid Canada balsam, a fragment of which is heated on the slide over a spirit lamp until it melts; and in order to diminish the ' Trans. Path. Soc. Lond., 1895, xlvi, p. 91. 2 Ibid., 1886, xxxvii, p. 325. 111 112 Shattock: Microscopic Structure of Uric Acid Calculi brittleness of the balsam, a small quantity of the ordinary mounting solution in xylol is first placed on the slide, the materials being mixed after heating by rocking the latter to and fro. The half of the calculus is now placed on the slide, the central portion of which is already covered with the melted balsam. A copious effervescence takes place from the under side of the calculus, owing to the expansion of the air in its interstices. The slide must now be turned over so that the ground surface can be viewed, the calculus being moved about and gently pressed until no trace of air remains between the specimen and the glass. As soon as the balsam has set the material is ground away from the convex side until the chief bulk has been removed. The last and most delicate part of the process is the grinding of the section to such a degree of thinness as to allow the light to pass through it. This is done first on fine glass-paper, but completed on the hone with water. When the requisite thinness is reached, the surface is washed by allowing water to drop on to it through a cone of filter paper; lastly, when the section is dry, a xylol solution of balsam is placed on it and the cover-glass applied. A.-Method of grinding in two planes at right angles in order to ensure the identification of the centre. B.-Showing the risk of mistaking a section of a zone near the nucleus for the nucleus itself, either by not reaching the true centre or by grinding past it.
I may now proceed to describe in detail a selection of typical specimens, and afterwards make some general observations from the data they furnish.
One of the most obvious macroscopic differences that arrests attention on inspecting the divided surfaces of uric acid calculi is the variation in their density. Some are so compact throughout that no interspaces whatever appear; others are markedly porous. The two varieties may be termed compact and cancellous. Of these, the cancellous depart the least in their microscopic characters from uric acid sediment or gravel; the compact are more highly differentiated.
Nearly all the specimens which I have studied are from the large collection in the Museum of the Royal College of Surgeons, the chief part of which were analysed some years ago by Mr. Taylor, but in many cases Mr. H. R. Le Sueur has made a further chemical examination of those selected. THE CANCELLOUS VARIETY. To take the cancellous variety first, I may describe examples from four different groups. The structure of calculi composed of urate is altogether different, and is reserved for a future communication. Of this group I have examined three. The special analysis by Mr. Le Sueur showed an absence of sodium and ammonium. A second critical examination for ammonium was equally quite negative; a considerable bulk of material was used. The macroscopic characters presented by the divided surface of a fourth, oval, specimen 2 5 cm. by 1-5 cm. in chief diameters, are as follow: The exterior is quite smooth. There is a nucleus P5 cm. long, of coarsely porous structure, the trabeculk of which are devoid of any disposition, either concentric or radial. Beyond the nucleus the "body" is constructed of thin concentric laminme, slightly undulatory in course, and separated by narrow intervals which are partly filled with deposit. Near the exterior the thickness of the concentric laminae increases and the intervening spaces become narrower; the lamine themselves, moreover, are more compact and well defined. The cancellous character is due to the incomplete filling of the interlamellar spaces. The calculus is of a pale brown colour.
Microscopic structure of a calculus about 1 cm. in diameter: The nucleus consists of large, pale yellow, cuboidal crystals, cohering in irregular trabecule so as to produce a coarsely cancellous structure.
Intimately intermingled with the large crystals composing the trabeculke there are dense clusters of very fine crystals, which might be described as bacilliform, the presence of which produces a marked diminution in the transparency of the section. These minute rod-like crystals are not set in spherular aggregations. The " body " starts by the aggregation of crystals similar to those of the nucleus, but smaller in size, to form a continuous concentric zone which is not geometrically circular, but undulatory, like those that follow it. The body beyond this zone, in short, consists of a series of concentrically disposed undulating laminae 113 interconnected at intervals so as to produce a regular series of shallow arcades. The intervals between the arcades are incompletely filled with cuboidal crystals like those of the nucleus, but somewhat smaller in size. The crystals forming these arcades are, again, smaller than those between them, and they are amassed without any trace of order. In the mid-substance of each arcade there is an ill-defined line of less transparency, due to the intercalation of minute bacilliform crystals like those already referred to in the trabeculae of the nucleus. Towards the exterior of the calculus the narrow arcades are replaced by a broader zone of more compact structure, made up of radially set, much elongated, yet comparatively slender crystals, between which the less transparent bacilliform material is deposited, so as to produce a series of ill-defined and incomplete concentric lines. This more compact and more "organized" zone is succeeded by laminae of the same kind as the arcades on its inner aspect. And the actual surface of the calculus is constituted by a compact lamina like that just described, the elongated crystals of which are wanting in exact radiality, and obliquely intersect. At the growing surface itself there appear the free ends of these long crystals, and between them the finely divided material, more than once referred to; but even under I obj. the surface is almost smooth, or regularly curvilinear.
The microscopic sections of a second and of a third calculus from the same group exhibit closely similar appearances, except that the periphery in each is represented by a thicker zone of the long radiating crystals crossed by less transparent, ill-defined concentric lines of the finely divided crystalline material. The crystals vary in length; some of them pass through several such concentric zones, others only through a few. The free surface is quite smooth, or very slightly jagged, and formed by the growing ends of the radiating elements. Between this outermost zone and the arcades near the nucleus there occur arcades of a transitional character, which are constructed in part of elongated crystals, more or less radially disposed, and amongst which there is the usual less transparent material, the spaces between the arcades being loosely filled with coarse cuboidal crystals.
Specimen II (A 1), Museum of the Royal College of Surgeons.
As very similar to the foregoing, I may describe what happens to be the very first example of the uric acid series of calculi in the College collection. The calculi compose a small group, of which I examined three. Mr. Le Sueur was unable to find any sodium, calcium, or ammonium; the last was particularly looked for on two occasions, a considerable bulk of material being used. The nucleus is built up of pale yellow cuboidal crystals of large size, clustered without any order, and so loosely as to leave lacunae of considerable extent, the whole presenting an irregularly cancellated structure. The form of the individual crystals composing the trabecule is difficult to trace, owing to their closeness of apposition; but when this can be observed it is that of rectangular plaques or prisms. The larger crystalline blocks in the trabeculae are mostly of irregular polyhedral form, from modifications due to the completion of their growth whilst in imperfect apposition, and, like the other crystals, they present markings arising from secondary cleavage, the cleavage, in some instances, having taken place in two directions at right angles to each other. Certain of the trabeculae, as in the preceding specimen, present opaque centres arising from the intermixture of finely crystalline material like that occurring in the concentric zones of the body. That this material is not the result of the secondary cleavage of larger crystals appears from the absence of parallelism in it. The massive elements of the nucleus are succeeded by a continuous zone of much smaller crystals, many of which are of elongated form, though quite slender. In this zone there is a considerable amount of the finely divided bacilliform material which renders it to a large degree opaque. The body so commencing is thereafter more or less regularly constructed of slightly wavy concentric zones of slender, elongated and other crystals without any orderly disposition, the zones presenting one or more ill-defined, less transparent lines of more finely divided crystalline material. In the irregular mass of crystals composing such a zone well-formed rosettes may be embedded. Between the wavy lamina there is a series of spaces loosely and incompletely occupied by coarser cuboidal crystals. Here and there a certain portion of the circuit of a lamella is of more definite and compact structure, and consists of, elongated crystals radially set with respect to the centre of the calculus, and marked with one or more illdefined lines of finely crystalline and less transparent material. The porosity of the body is due to the incomplete way in which the interlamellar spaces are filled in with the coarser cuboidal crystals.
Specimen III.-Uric Acid with intercalated zones of Calcium Oxalate.
The following specimen I may adduce as a further example of the cancellous variety, though associated with the presence of narrow zones of calcium oxalate. Mr. Le Sueur was unable to discover any sodium or of elongated, somewhat radially disposed crystals between which there is much finely divided uric acid. Below the compact crust is seen the outer part of the open system of arcades which construct the chief bulk of the body of the calculus; these arcades consist of crystals without elongation and with much of the material just referred to intermingled. The change in construction is attributable to the presence of urine more highly saturated with uric acid. The elongation of the crystals, with their interspaces, corresponds with the appearances arising in supersaturated solutions of various salts when crystallization is started in such. The shower of minute crystals, such as fill the interspaces, is also imitable in supersaturated or "labile" solutions, when subjected to movement; and the same will happen in less saturated solutions under similar circumstances, provided crystals are already present. . Showing the structure of one of the zones (i obj.) entering into the construction of the body, the zones themselves being separated by a series of intervals which are loosely and incompletely occupied by coarser cuboidal crystals. The zone consists of slender, elongated, and other crystals, without any orderly disposition; rosettes occur embedded in the general mass. The elongation and loose arrangement of the crystals indicate that the zone is due to the presence of urine more highly saturated with uric acid than was the case with those constructed of cuboidal crystals. ammonium; some calcium was present (combined with oxalic acid). The calculus is oval, and measures 7 mm. in the longer diameter. The nucleus, which is quite small, and does not fill the field under a 3 obj., is a, well-defined agglomerate of cuboidal crystals of medium size, closely compacted and without any order. To this succeeds the body, which is constructed of concentric laminae interconnected by well-pronounced radial columns. The crystals in both positions are of coarse cuboidal character; though in the case of some of the columns there are massive spear-like forms set radially with respect to the centre of the calculus. The cuboidal elements are very closely fitted, without interspaces, and construct concentric zones and radial columns; they are individually of no mathematically regular form, and seem to have grown whilst in imperfect apposition until the intervals between them became completely filled.
The first deposit of calcium oxalate appears as a narrow, beautifully transparent, and colourless zone arisintg directly on the disorderly mass of uric acid crystals which form the roof of one of the arcades. The oxalate, as in all cases where it forms the body of a calculus (as distinguished from the nucleus) assumes the form of transparent, colourless cones lying in lateral apposition, and doubly striated-i.e., presenting a fine crystalline, divergent marking, and a cross striation almost as regular and delicate as that of a muscle fibre; the latter is quite independent of any interposed material.
Certain of the cuboidal uric acid crystals in this calculus, as in those previously described, exhibit a fine secondary cleavage. This zone of oxalate completely encompasses the concretion, although too fine for recognition by the naked eye. The outer border of the zone is undulatory, in correspondence with the bases of the cones constructing it; the undulations present, in addition, a secondary dentate or finely jagged edge resulting from the slightly irregular projection of the free ends of the tuft of crystals composing the cones. The calcium oxalate is followed by a zone of massive pale yellow uric acid crystals without any order, and like those composing the nucleus; in this zone interspaces are present, but there is scarcely any indication of a columnar disposition. This is followed by a second zone of calcium oxalate narrower than the first; then a zone of disorderly cuboidal uric acid crystals; then a third line of oxalate narrower than either of the others; and in places interrupted in its circuit by uric acid crystals. The body beyond this is built up in the same manner-viz., by alternating zones of calcium oxalate and broader zones of massive uric acid crystals presenting very little columnar disposition, and amongst which irregular lacuna) occur. Only here and there do the crystals produce an arcade, of which the pillars are made up of somewhat elongated massive forms set with an attempt at radial disposition.
In this calculus the scantiness of elongated uric acid crystals, either coarse or fine, is noteworthy.
Specimen IV (A 45), Museum of the Royal College of Surgeons.-Uric Acid, with Urate of Anmmonium, and a trace of Urate of Sodium. Of this group I examined four. The collection comprises several small pisiform concretions removed from a patient 65 years of age. They consist of uric acid, but though classed in this series in the College collection, they contain also urate of ammonium and a trace of urate of sodium. The uratic portions are readily differentiated microscopically, and constitute only a small proportion of each calculus.
Example A: Nucleus.-This consists of a circular compact group of cuboidal crystals of medium size, and others somewhat elongated, but devoid of any order; intercalated between them there are a certain number of more massive forms which exhibit the usual secondary cleavage. Irregular, less transparent patches occur in the general conglomerate, some of which are due to the presence of finely divided rod-shaped crystalline material, though others are due to a minute parallel cleavage of certain of the other crystals. The massive blocks above referred to are of very irregular shape with jagged borders; they are not sections of a series of crystalline columns radiating from the centre of the nucleus, for they are fewest in the centre of the section, where they would form a close mosaic were they cross-sections of an orderly set of columns arising from a central point which had not been accurately struck in the section. Moreover, they are comparatively few in the general mass of crystalline " rubble," and even at the periphery of the nucleus, where a few longer forms occur, these have no strict radial direction. The nucleus is somewhat sharply bounded by a narrow, opaque line of fine, rod-shaped crystalline material, which is intermingled with the coarser crystals without producing a complete interruption of structure. Beyond this the body consists, in the first place, of a zone of medium-sized cuboidal crystals, like those on the inner or nuclear aspect, and equally devoid of any arrangement. This zone supports an arcade of similar crystals, the component elements of its columns being either of the same character, or here and there elongated, coarse, and radially set, though with very little geometrical arrangement. A second arcade follows. In these wavy concentric collections of crystals, ill-defined, less transparent lines occur, which follow the general course of the zones, and are due to the engagement of the fine crystalline material so frequently referred to. At its periphery the structure of the calculus abruptly changes and becomes compact. This compact crust, which arises directly on the roof of an arcade, consists of long transparent, pale yellow crystals closely arranged, with a general, yet imperfect, radial direction, for they obliquely intersect. Bacilliform crystalline material lies between the elongated elements in very incomplete radial lines, and also as a concentric deposit, the opaque circular lines so resulting farying in their thickness, and the distances at which they lie from one another. It may be observed that these concentric lines or zones do not really interrupt the main crystalline structure, but that the finer deposit has been periodically laid down between the elongated elements, which thus perforate it, though the material is in addition more sparsely included within the other crystals. Immediately upon the cancellous portion of the body the radially disposed crystals of the compact crust are finer and shorter than those beyond, and the concentric lines of the still finer material are closer and narrower. The long uric acid crystals present none of the delicate parallel cross strim which those of calcium oxalate so regularly do in microscopic sections of calculi of the last-named substance, though they exhibit a fairly fine secondary longitudinal cleavage. It is of interest to notice that this calculus shows the occurrence of multiple spontaneous fracture, followed by partial repair. The fractures involve the compact crust, which they traverse at right angles to the surface, and have been followed by a partial dislocation outwards of the more exterior portion of the crust by reason of the fracture having involved the periphery itself in the concentric direction. The resulting fissures and spaces have in different degrees become filled in with a deposit of spherular urate. The fractures have, moreover, allowed of the access of urine to the first of the subjacent interlamellar spaces, with the result that this space in the neighbourhood of the fracture is likewise lined with spherular urate. These spherules, which are perfectly characteristic, lie in lateral apposition, it may be in a single row, to line the cavity or faces of the gaping fissure, and in such circumstances they are not completely spherical, but fixed on the attached side by a broad base, being really hemispheres or larger segments of complete spheres. These spherules individually present a finely radially crystalline structure, the strice reaching the true centre, F-. 20 119 although there is a more transparent central spot of more pronounced yellow colour. The light spot is not abruptly demarcated from the substances beyond, and appears to be due to the closer arrangement of the component crystals -in this position, whilst further outwards a diminution in transparency is brought about by the interference to the passage of light occasioned by the oblique way in which the crystals intersect.
Example B: A Second Calculus, 7rmm. in diameter, from the same group-viz., A 45, Museum of the Royal College of Surgeons.-In this the nucleus is a sharply defined, compact sphere of long massive crystals which radiate from a small centre of closely set cuboidal crystals, and present no interspaces; in size it somewhat exceeds the field of a 2 obj. It is crossed by four or five concentric lines of fine rod-like crystalline material, which produce a corresponding loss of transparency. The massive crystals present a secondary longitudinal cleavage, and some are fissured transversely (it may be with slight obliquity to the long axis) so as to resemble a series of superposed blocks or tablets. The lateral limits of these long crystals are seldom straight, but sinuous or with angularities. The nucleus is succeeded by a zone of cuboidal crystals, the deepest portion of it being rendered opaque by the presence of finely crystalline material; this zone supports a massive arcade with long stout columns; this arcade is followed by another of less dimensions. The crystals comnposing all these structures are mostly short or cuboidal, though here and there a long radially set element enters into the construction of the columns. The calculus is completed by a dense zone of compact substance built up of radially crystalline uric acid, with which the usual opaque bacilliform material is intermixed so as to produce concentric lines, the whole in every detail resembling the crust in the foregoing specimen. The exterior of the concretion is regularly invested with a thin zone of uratic spherules in single series, laterally apposed, and fixed by their bases to the surface below, the spherules being incomplete, or flattened, in this position. As in the preceding specimen, the compact crust presents a certain number of vertical fractures of which the faces are coated with spherules of urate, and the adjacent portion of the space beneath, so open,ed up, has become partly lined with similar spherules, or partly filled with pale brown, finely crystalline or amorphous urate, as a result of the access of urine which at this date was depositing such material.
A third and a fourth specimen of the same group show a construction corresponding with the other two.
Specimen V (A 63), Museum of the Royal College of Surgeons.-Uric Acid. I selected this calculus in order to study the structure of one of the coarsest or most cancellated -varieties. The specimen is of flattened spherical, or discoidal form, 35 cm. in chief diameter, and reddish-brown in colour. To the naked eye the divided surface presents a nucleus, not sharply defined, yet of somewhat different construction to the body, for it has a finely cancellous texture like closely cancellated bone, the trabecula being, however, without any definite disposition. The body, on the contrary, consists of extremely coarse radiating columns with wide intervening spaces, the columns themselves being irregularly interconnected, yet without sufficient regularity to produce a proper concentrically laminated architecture. The nucleus merges into the body, without there being any sharp line of demarcation between the two. The microscopic sections were made to include the nucleus and the whole of the body.
The nucleus, which is about 7 mm. in diameter, consists of pale yellow cuboidal crystals agglomerated, without any order, into trabeculai with intervening spaces. The trabecule have no definite arrangement, though the spaces bounded by them tend to a polyhedral shape, the whole being much like a section of cancellous bone.
The coarse radial columns, which constitute the salient feature of the body, are irregularly connected at the sides, but not in any strictly concentric manner. In the vicinity of the nucleus the columns consist of crystals like the trabeculai of the latter, the one structure passing directly into the other. More outwardly the trabecuhe attain what is, relatively speaking, a gigantic size, and may be designated compound in structure. They present a central core of disorderly cuboidal crystals, but upon the sides of this there arise compactly arranged crystalline cones which are set at right angles to the long axis of the core, and in all ways resemble those which ordinarily constitute the body of the compact variety of calculus. These compactly arranged columns are secondarily subdivided in their long axis, and some show a fine cross striation independently of the presence of included finer material. In the larger columns, central lacunae occur in the core of crystalline " rubble " as they do in the proper nucleus. The periphery of the calculus is formed like the compact variety in general. This results from a change in the direction of the crystalline columns, which are set not only on the sides of the central core, but, where the latter terminates, arise in a fan-like way , showing, on the left, a portion of the spherical nucleus consisting of cuboidal crystals. This is bounded by a wavy line of fine bacilliform crystals which render the structure opaque. Beyond this the body consists of arcades of crystals similar to those of the nucleus. Here and there a huge spear-shaped crystal aids in the construction of the columns of the arcades. One such crystal (of less transparency than the cuboidal) is shown in the middle column close beyond the nucleus. SHATTOCK: Microscopic Structure of Uric Acid Calculi Plate II Pathological Section upon its end. These fan-like masses lie in lateral contiguity, but without necessarily coalescing, for the line of their apposition remains plainly discernible.
A certain amount of finely divided material is irregularly distributed through the calculus. This is especially abundant where the long columns arise on the sides and summits of the central core of crystals.
THE COMPACT VARIETY.
Let me next pass on to the compact variety of uric acid calculi. In these no spaces whatever are visible, either to the naked eye or in microscopic sections, but the calculus is built up throughout of radiating crystalline cones starting from a centre, in some cases without a differentiated nucleus, the whole being simply a gigantic crystalline sphere. Even large concretions may retain this structure throughout their formation.
As examples of small size I may take some from a collection of about the dimension and form of lentils, of which I examined five, and of which the description of one may suffice.
Specimen A.-Under a low power the section shows throughout a compact structure of massive radiating columns, without interspaces, there being no differentiated nucleus. As studied under a higher power (6 obj.) these gigantic columns are regularly and closely fissured in the transverse direction. The fissures of adjacent columns do not exactly correspond, for as they are directed across the long axes of the latter, and as the columns are not geometrically radial in arrangement, the cross fissures do not produce a continuous concentric striation. The cross cleavage differs from the cross striation of calcium oxalate in that there are distinct interspaces, or true clefts, in the structure. The clefts are not geometrically parallel but are slightly wavy, and moreover they may not traverse the entire breadth of the column. The thin plates may be themselves subdivided or broken up in the radial or longitudinal direction, though without any regularity, the substance of the column consisting then of superimposed series of minute flattened, or less regular elements, like the bricks in a Roman wall. In the midst of the compact substance there appear at.intervals the pointed outer ends of radially set columns, the further growth of which has, for some reason, ceased; these are regularly fissured in the transverse or concentric 123 direction, but they present, in addition, a much coarser lamination parallel with the pointed end, somewhat like the concentric markings in the enamel of a tooth. The markings described indicate that the growth of the crystal has occurred by additions to its pointed end, which has become ensheathed in a succession of superimposed deposits, and that the end of the crystal has freely projected from the growing surface. The uniformity of the construction is only disturbed by the interposition of a few narrow, wavy, concentric zones of finely crystalline material. These zones occur at comparatively wide distances, and are mostly incomplete or fragmentary, appearing only for short stretches of the entire circumference, or even only on the rounded or flattened summits of certain single gigantic radial columns. The finely crystalline deposit is nearly always immediately followed by a single series of fan-like sprays of coarser crystals, of singular transparency, and devoid of the pale yellow colour of the surrounding material; some of these crystals are arranged in rosettes. These crystals can be exactly matched in calculi of calcium oxalate, and may be taken as consisting of this substance. On the exterior of the longer stretches of this composite kind the columnar structure of the calculus takes a new departure, as shown by the pointed inner or centralward ends of the radial crystals which succeed. But where the stretches are short, and occur on the summit of aJ massive cone, the flat, growing adjacent columns simply continue to grow up and coalesce over it. Patches of the finely divided material occur fairly frequently, embedded or included in the substance of individual columns, and this associated or not with the larger uncoloured fan-like groups already described. The want of interference in the construction of a column by these lesser inclusions is remarkable, for on either side of it the transverse fissuration of the huge crystal retains its parallelism, the ends of the thin plates simply abutting on the included material. Some of the radial columns are less transparent than others, although of the same form, and regularly intercalated amongst them. This is due not to the inclusion of finer material but to the obliquity of their section, the cross fissures being viewed sideways instead of directly. This difference in transparency can be recognized in the section even by the naked eye. In the immediate vicinity of the geometrical centre the picture is to a slight extent confused by the fact that here and there the massive radially set cones happen to be divided obliquely or transversely. The surface of such a cone is divided into a series of irregular polyhedral segments corresponding with those seen in the longitudinal views.
Specimen VII (A 196), Mluseum of the Royal College of Surgeons.-Uric Acid.
As a second example of the compact variety I may give the results of the microscopic examination of three of the uric acid group A 196, Museum of the Royal College of Surgeons. Mr. Le Sueur was unable to discover, on careful analysis, any ammonium, sodium, or calcium.
The entire structure of these small pisiform concretions is remarkably regular and compact. There is a certain nuclear differentiation -brought about by a change in the size of the elements, rather than in their character. The central part, or nucleus, consists of coarse crystalline wedges of pale yellow colour, delicately cross fissured, and including in their substance a certain amount of less transparent finely crystalline material. The latter is irregularly distributed throughout the substance, but is more particularly aggregated in ill-defined concentric lines or narrow zones. The columns are not actually continuous, for the jagged lines of their lateral apposition are easily to be recognized. The individual columns are, moreover, compound, or cleft in the radial direction, but this in a coarse manner as compared with the transverse; the lateral limits of the subdivisions are lowly undulatory, the general appearance being that of a closely pressed bundle of twigs, none of the individual elements of which are geometrically straight, though they are so closely apposed that there are no intervals between them. This method of construction is brought to a close by the deposition of a more abundant shower of the bacilliform crystals. Upon this the structure takes a new departure, in the form of a second series of massive cones, though these are not individually so gigantic as those which construct the nucleus. The finer opaque material extends for a short distance outwards between the pointed inner end of these cones. The general structure is itself like that already detailed, the cones being subdivided radially, and in a finer, more minute and regular way transversely. Opaque material is included in the whole of the structure, more particularly in narrow and not very sharply defined concentric lines. This construction obtains almost to the surface, its compactness being maintained by the intercalation of new cones between the the diverging, more outward parts of the deeper. Near the exterior a diversion of the general structure is brought about by a somewhat abundant finer deposition. This is followed by a concluding crust of the general construction, the uric acid taking a new departure here, in the form of a further series of cones, between the pointed ends of which, extensions of the opaque EXPLANATION OF PLATE III. Although the composition is throughout of uric acid, a small nucleus is differentiated from the rest; this is composed of huge crystalline cross-striated wedges radiating from a central point, and intermingled with finely crystalline opaque material. The nucleus is terminated by a zone of similar material. Upon this the body takes its departure in the form of a second series of smaller fibrous cones. The compact mass is finely cross-striated, and in addition rendered opaque by coarser strie of finely crystalline material, deposited at intervals on the surface; a broad zone near the exterior is particularly dark from this cause.
FIG . 17 (A 196 , Museum of the Royal College of Surgeons). Showing the deepest part of the preceding calculus as far as its centre (* obj.). Although the composition is throughout of uric acid a small nucleus is differentiated from the rest; this is composed of huge crystalline, cross-striated wedges, radiating from a central point, and is intermingled with finely crystalline material. The nucleus is circumscribed by a zone of similar material. Upon this the body takes its departure in the form of a second series of smaller cones. The compact mass is finely cross-striated; and is, in addition, rendered opaque by coarser striee of finely crystalline material deposited at intervals on the growing surface. material lie. Immediately beyond the finer deposit there has been an attempt to reproduce the original construction, as seen by the presence of the pointed inner ends of stunted massive, transversely fissured cones like those forming the nucleus of the calculus. These, however, are short and fragmentary, largely intermixed with the finer substance, and at last covered in by it. Upon this the final formation of properly developed and more slender cones arises. The growing surface itself is quite smooth, the free ends of the growing radial crystals producing scarcely a recognizable undulation.
. A second and a third specimnen fromn the same group show precisely the same structure, the several differences in each being accuratelv represented in the rest, proving that the calculi have grown synchronously.
Specimen VIII (A 107), Aluseum of the Royal College of Surgeons.-Compact Variety of Uric Acid Calculus. As an example of a compact calculus of more considerable dimensions, I may select one of a small group, A 107, in the Museum of the Royal College of Surgeons. The calculi are of regular pyramidal form, and measure about 1'5 cm. in chief diameter. On allowing the half of the calculus to dry, the body spontaneously split into three wedge-shaped pieces, and a minute oval nucleus, about 2 mm. in its longer diameter, was detached. In the centre of this nucleus there is a fine, slit-like space, arising doubtless from the loss of the most central crystals during the preparation and washing of the section.
The nucleus consists of long, radially set columns, subdivided in the radial direction, but without cross-markings, save here and there in the most central parts. In the substance of the closely compacted component crystals are a certain number of concentrically arranged, illdefined zones of finely divided material, and similar material occurs, also, radially disposed between the crystals, though without any regularity or uniformity; and, more sparsely, it is distributed throughout their substance. None of these columns reach the true centre. They arise in a regular way upon an oval collection of pale yellow cuboidal crystals, the chance aggregation of which has formed the beginning of the calculus, and in this sense constitutes its real nucleus. In the centre of this collection there is a narrow, slit-like space which has doubtless arisen from the loss of the loose central elements in the process of grinding and washing the surface of the section before it was cemented to the slide. The detachment of the central sphere of the calculus EXPLANATION OF PLATE IV. , showing the growing surface of a third calculus of the same group as the preceding. The long, radial crystals reach the exterior; these are crossed at irregular intervals by opaque, ill-defined lines of finely crystalline material, which lies partly in the interstices between them, so that the radial elements may be traced, in places, through the opaque concentric zones. during the drying of the hemisection is readily explained by the presence of a zone of similar cuboidal crystals on its exterior. I may notice, in passing, that in the course of preparation of a second specimen of the samne group a minute central sphere was similarly detached, and for a like reason.
The section of the more peripheral part of the calculus, made so as to include the growing surface, consists throughout of radiating crystals of considerable length, becoming finer as the exterior is approached; these are crossed by concentric lines or zones of less transparent, included, material, these lines becoming more closely set towards the free surface so as to produce a comparatively fine lamelliform structure; there is, in addition, a finer cross striation due to cleavage, apart from the presence of the other material. The actual growing surface is constituted by the ends of what are here the finer crystalline columns, and is minutely irregular in correspondence, although to the naked eye and touch it would be called quite smooth. Specimen IX.
I may next describe a minute calculus (from a private source) of compact, but somewhat irregular, construction as compared with the foregoing. The nucleus consists of a stellate group of coarse crystalline and transversely fissured cones, as in certain of the foregoing specimens. Some of the cones present a certain degree of opacity arising from the minute subdivision of the thin superposed horizontal or transverse plates of which they are made up. Beyond this, the calculus is made up of a disorderly collection of rhombic or whetstone crystals, with a certain amount of less transparent, finely divided material. Here and there a fan-shaped, radially striated element of calcium oxalate is to be encountered; some of these are striated crosswise as well as radially. The periphery of the calculus is formed by the reappearance of crossstriated cones like those of the proper nucleus. Examination with a higher power shows that the nuclear cones radiate from a small cluster of cuboidal or rhombohedral crystals like those which form the chief part of the body. Specimen X. In this case the compact calculi, for which I am indebted to Dr. L. S. Dudgeon, are remarkable for their smallness. I have examined four. They are all spherical, and considerably smaller than pins' heads.
In minuteness they can be matched by the smallest among the "miliary" calculi of calcium oxalate. Of the latter there is an excellent collection in the College Museum; the calculi, many thousands in number, were taken from the pelvis of a hydronephrotic kidney; they are quite spherical, the smallest being almost microscopic.
In both these cases the structure of the calculi is a miniature of the larger. The most minute of the oxalate consist of a transparent, regularly concentrically striated body, deposited upon a nucleus of irregular form, which may consist of one or more gigantic, ill-shapen octahedra, or of a cohering group of oxalate spherules. Both forms of nuclei are to be encountered in the larger calculi of calcium oxalate.'
The miliary uric acid calculi under consideration are too small to allow of sections being made, and their construction can be discerned without, after the material has been treated with absolute alcohol, xylol, and mounted in balsam; yet I examined some by grinding them away from one side only. They consist of long, coarse, pale yellow crystals, radially set so as to produce a compact sphere. The growing surface of the sphere, however, is not smooth, as it is in the case of calcium oxalate, but regularly jagged from the projection of the free ends of the crystals.
SUMMARY AND GENERAL CONSIDERATIONS.
The study of these calculi by means of microscopic sections confirms of course, in the first place, the macroscopic observation that some have a porous or cancellated structure; others a compact, without interstices. This difference depends upon a difference in the method of crystallization. In the cancellous the deposition, in general, departs but little from certain of the forms of sediment.
The Cancellous Variety. To summarize this variety first: The calculi present a nucleus of crystals which may be designated as cuboidal-i.e., they are not of elongated form, or tabular. These crystals are almost invariably aggregated so as to leave lacunse, but neither the trabeculk nor the interspaces have any definite or regular form. The nucleus may aptly be described as crystalline " rubble " upon which the body of the calculus is built.
Embedded in it there are sometimes more massive crystalline blocks which present parallel strik arising from periodic growth or from I W. M. Ord and S. G. Shattock, Trans. Path. Soc. Lond., 1895, xlvi, p. 91. secondary cleavage. Crystalline material which, from the minute size and rod-like character of its elements, may be called " bacilliform," is intermingled in varying amount with the crystals forming the trabeculhe; the minute elements composing the material have no kind of orderly disposition, but are simply felted together, as it were, in ill-defined' patches and lines. The presence of this finely crystalline substance markedly reduces the transparency of the section by reason of the manner in which it interferes with the passage of light; except in particularly thin sections, it is almost opaque.
The body, in the simplest forms, is constructed of concentric laminae, of similar, though smaller, crystals, and, like those of the nucleus, they are intermingled with the more finely crystalline material. These laminae do not lie in apposition, but are interconnected by columns of different height (or length) in different cases, so as to construct a series of arcades. Sometimes the laminae are regularly undulatory, the depressions between the undulations corresponding with the sites of the interconnecting or radially set columns. The intervals between are incompletely filled with the coarser cuboidal kind of crystals.
In regard to the columns of the arcades, these vary considerably as to radial height and thickness in different calculi. They may consist simply of cuboidal crystals like those of the concentric laminae or the roofing of the arcades; or coarse, spear-like forms of crystal, may enter into their construction, these being radially set with respect to the centre of the calculus as a whole. During the progress of growth, it will be clear that the columns, until the roofing-in of an arcade, must have grown up with very little support; and, remembering their delicacy and want of fibrous structure, it is not easy to explain why they have not been fractured and detached in the building. One must assume, I think, that the mucin in the urine has formed a supporting investment to the growing surface. In the most coarsely cancellous kinds, the interconnecting radial columns 'are particularly massive, and present a structure which may be described as compound. Such columns consist of a core of cuboidal crystals, upon the sides of which core long coarse crystals are compactly set at right angles to its axis; and where the core terminates, these are arranged in a compact, fan-like manner upon its summit.
The periphery of the cancellous variety has usually the structure of the compact kinds, and consists of long, radially set crystals closely arranged, and with varying amounts of finely crystalline material which has been periodically deposited in ill-defined concentric zones during the growth of the longer crystals. The growth of the latter is not necessarily interrupted by this deposition, which lies chiefly in the lateral interstices between them, so that the elongated elements may perforate or traverse several such sedimentary layers. This material may also be deposited between the crystals, in the radial direction, at least for short distances; and lastly, in less amount, it is included in the crystals themselves. Zones of this compact structure may again be followed by the open system of arcades; and these, again, by others like the first. Laminae or zones of a transitional or intermediate character may be encountered. These are constructed of elongated crystals of different lengths, but without any proper radial disposition; coarse rosettes may occur in the midst of such crystalline collections.' And it may even happen that a zone in part of its circuit is of well-formed, compact structure-i.e., of long, close-set radial crystals, whilst elsewhere it is composed of similar crystals without the radial order.
The actual surface of the final, compact, encrusting zone is formed by the free, growing ends of the elongated elements, but even under 6 obj. it is almost smooth, or curvilinear, though it may be slightly jagged fro-m the projection of the ends of the individual crystals. I have not yet examined any cancellated calculus in a stage of growth at which it had not acquired a compact crust.
The Compact Variety. In this form the construction is of a more regular and more highly differentiated kind. In place of an aggregate of cuboidal crystals with interspaces the structure consists of long radially disposed crystals or conoidal columns, the more central of which may be of gigantic size. In the more peripheral parts of the calculus the radial crystals, though compactly arranged, are as a rule more slender. The compactness of the growing concretion is maintained by the intercalation of further crystals between the diverging outer ends of those earlier formed. The more massive cones are finely fissured at right angles to their long axis, so that when the crystals are not mathematically radial the fissures of the apposed columns do not correspond in such a way as to be continuous. This cross cleavage is quite independent of any periodical sedimentary inclusion. Nor is there a true continuity of the radiating columns themselves, as is evident in the presence of a dark, often zigzag, border which marks their lateral apposition. This cross cleavage is I Such rosettes, as met with in uric acid sediments, are well figured in Rieder and Delepine's " Atlas of Urinary Sediments," 1899, pl. vi, fig. 3 . absent in the zones or parts constructed of the more slender elongated crystals. The thin resulting plates may be subdivided or broken up in the radial or longitudinal direction, though without any regularity, the substance of the column consisting, in this case, of a superimposed series of flattened elements like the bricks in a Roman wall. Both directions of cleavage are at times observable together in the larger crystals of uric acid sediments. The phenomenon is well represented in Rieder and Delepine's Atlas (P1. xi, fig. 1 ). In sedimentary crystals of uric acid the cleavage is stated to be especially noticeable when ammoniacal fermentation has taken place. As the calculi in question, however, exhibit no phosphatic admixture, this association is obviously not an invariable or necessary one. The fissures themselves may be attributed to artificial causes, but their direction is determined by the intimate constitution of the crystalline substance. The differences in size of the radiating crystals indicate differences in rate of growth, the more slowly growing forms being the coarser. Equally striking differences in size may be observed in individual sedimentary crystals. I have gigantic macroscopic crystals of ammonio-magnesium phosphate which were allowed to grow for a prolonged period in ammoniacal urine.
As to the nucleus, in some instances the crystalline columns or cones take their point of departure upon a minute-i.e., microscopicnucleus of cuboidal crystals; in others, they are in central apposition.
As in the cancellous varieties, finely crystalline material is invariably intermixed, chiefly in narrow concentric zones-i.e., periodically deposited on the surface during the course of growth. It occurs also, less regularly disposed, in the radial direction, in interstices which have existed between the growing ends of the radiating crystals. The concentric zones of this material by no means necessarily interrupt the growth of the longer crystals, which often pass through many such zones. In the more slowly growing gigantic columns the material may be deposited as transverse inclusions which do not destroy their continuity, and more sparsely it is often scattered throughout the whole of the crystalline substance.
A Comparison of the Crystals forming Calculi, with Uric Acid Sediments.
Most of the elements in the cancellous variety may be matched by those occurring in urinary sediments. The large cuboidal forms or thick, four-sided plates are well illustrated in the atlas of Rieder and Delepine (P1. xxii, fig. 6 ), and in Beale's " Kidney Diseases and Urinary Deposits" (3rd ed., 1869, P1. xxvi, fig. 146 ). Elongated crystals such as form the compact zones of the cancellous variety are, however, very seldom encountered in uric acid sediments, the spear-shaped forms resulting from the elongation of the acute angles of the uric acid rhomb (the fundamental type of the deposit) being very rare. A highly pronounced example pf elongated uric acid in my collection (from the sugary and albuminous urine of a case under the care of the late Dr. W. M. Ord) shows that some forms result as above stated, but others are due to secondary spinous growth occurring on the pointed ends of rhombs, the limits of which can be recognized in the crystalline substance; sometimes the elongation affects only one end of such a rhomb. Examples of the last will be found in P1. xxix, fig. 1 , Rieder and Delepine, from a urine (strongly acid) in a case of calculous pyelitis.
It is noteworthy that spear forms occur in strongly acid urines, whilst the whetstone and barrel forms are more frequently met with in urines of less acidity. The elongated forms entirely constitute the compact, as distinguished from the cancellous, variety of uric acid calculi. It would seem, therefore, that the differences of structure in the two depends upon the degree of urinary acidity. This I will again refer to under the cause of crystalline elongation.
The study of uric acid calculi has shown that none are composed solely of the commoner microscopic elements of uric acid sediments, even when the spear form is included. An admixture of finely crystalline material is always present, both in the cancellous and the compact varieties of the calculi. This material, as already described, is deposited between the elongated crystals, as well as between the cuboidal crystals of the nucleus, and of such concentric laminae as consist of them; and by its interference with the passage of light it produces a marked opacity in those parts of the section in which it is distributed. At the outset I assumed that it consisted of urate, either of ammonium or sodium, until the contrary belief was forced upon me: urate of calcium is to be met with in calculi, as it is in urinary sediments, but this salt is so distinctive in character that it may be excluded on microscopical grounds, as well as chemical.
The substance under consideration is not granular, but consists of fine, short, rod-shaped crystals, which might be named bacilliform; and they are invariably coloured. Beale (loc. cit.) states that ammonium urate crystallizes in delicate needles only if artificially prepared, since the slightest trace (Bence Jones) of sodium chloride causes the salt to assume the amorphous character, and increases the solubility of the urate by one-half. He figures (Pl. xviii, figs. 98 and 100, loc. cit.), such crystals of ammonium and of sodium urate, so prepared, in order to contrast them with the natural spherular and amorphous forms. This assertion, however, is too exclusive. Short and finely crystalline acid ammonium urate is figured by Rieder and Delepine, arranged in irregular dumb-bells and stellate groups (Pl. vii, fig. 5, loc cit. ), and as a profuse deposit in stellar and less regular groups, from a specimen of ammoniacal urine (P1. xxii, fig. 2 ). Acid sodium urate in rare cases may take a like form. Sheaves and Maltese crosses of short fine crystals of this salt are represented in the more recent work of Daiber, " Mikroskopie der Harnsedimente," 1906 (Tab. v, fig. 9 ); and by Ultzmann and Hoffmann, " Atlas der Harnsedimente " (P1. ix).
This finely crystalline material is present, and in conspicuous amount, in all the sections of uric acid calculi which I have studied. That it is really uric acid appears (1) from the complete absence of ammonium as shown by the special analyses made by Mrm Le Sueur, of calculi of which the microscopic sections showed its presence in noteworthy proportion; (2) from the observations that in some zones of these particular calculi, all transitions are traceable between the longer uric acid crystals and the finely crystalline intermingled material; (3) from the circumstance that fine crystalline sediments of uric acid are not altogether unknown in the urine. Forms as fine as those in question are figured, in pale yellow sheaves and Maltese crosses, by Rieder and Delepine (P1. ii, fig. 6 ), and by Daiber, in similar, orange yellow clusters (loc. cit., Tab. iv, fig. 7 ).
Beale (loc. cit., p. 195) avers that uric acid may be so abundant in solution, in urine, that a drop of nitric acid will cause a dense amorphous precipitate like albumin; the amorphous particles, after a time, "increase in size and become characteristic." A similar* observation is made by Rieder and Delepine (p. 32), but a different and doubtless more correct interpretation is placed upon the precipitation-viz., that the precipitate, which re-dissolves on heating, and reappears on cooling, is of urate, and not uric acid. Beale himself, indeed, states (p. 195) that if the ordinary amorphous deposit of urate is merely dissolved by warming, the urate often becomes decomposed, and as the urine cools, crystals of uric acid are deposited. This is what appears to have happened in the case of the amorphous precipitate which he took to be one of finely divided uric acid. The possible explanation of this marked contrast in the size of the uric acid crystals I will refer to later on.
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The presence of vertical fractures in three of the calculi of one of the groups (A 45, Museum of the College of Surgeons) is worth notice in passing. Examples of spontaneous fracture have been recorded by Dr. W. M. Ord' and others, but these are nearly all of them fractures attended with an actual detachment of fragments, by which, indeed, the occurrence was in most cases recognized. The incomplete fractures or fissures in the calculi under notice would hardly be discoverable, except in microscopic sections. The explanation of spontaneous fracture advanced by Dr. Ord was that it is due to the swelling of mucoid material entering into the composition of the calculus, the swelling being brought about by reduced acidity, or by alkalinity of the urine. Spontaneous fracture has not been observed macroscopically in calculi of calcium oxalate; nor have I ever seen it in any of the manv microscopic sections of such calculi which I have prepared. It is noteworthv that the fissures, which involve only the compact crust, are filled with spherular urate, and that this has been deposited at the same time as a narrow zone on the exterior of the calculus. For it indicates that the deposition of urate coincided with an alteration in the reaction of the urine of the kind supposed by Dr. Ord, and that this alteration led to the fractures, the faces of which became thereupon coated with spherular urate which was then being deposited; the deposition was, of course, in no sense a reparative process induced by a prior occurrence of the fracture. In these calculi there is a system of open arcades beneath the compact crust, the swelling of any organic material in which might easily lead to the fracture of the superjacent investment.
The Nature of the Nucleus of Uric Acid Calculi. In the genesis of urinary calculi the nature of the nucleus has always been a question of particular interest. It has commonly been supposed that some adventitious substance is necessary to serve as a starting point, whether shed epithelium, mucus, blood-clot, bacterial colonies, or foreign bodies strictly so called-i.e., bodies introduced from without. It is, of course, beyond dispute that a foreign body may form the nucleus of a concretion-i.e., may serve as a centre on which crystallization may proceed, although its presence cannot determine crystallization, except in a supersaturated solution. When uric acid or urate is concerned, the presence of such a nucleus is altogether exceptional. There is only "I Influence of Colloids upon Crystalline Form " (1879, p. 93) , where references are given to cases previously observed. one example of it in the great collection of the Royal College of Surgeons. The calculus in question consists of such impure uric acid, and its microscopic structure, even immediately upon the foreign body, is so typically uratic, and not uric, that I may defer a description of it until dealing with the subject of uratic calculi.
The study of the centre of uric acid calculi by means of microscopic sections proves that the starting point of the concretion may be an irregular aggregate of what in a discrete form constitutes a urinary sediment, or, as it might be termed, " crystalline rubble "; or, that the calculus originates in the manner of a crystalline sphere, or stellar aggregate. This, it may be observed in passing, is equally true of calculi of calcium oxalate, for the nucleus of these is sometimes a disorderly aggregate of massive octohedra; and at other times the calculus is, from the outset, a radially and concentrically striated crystalline sphere, and continues to grow as such throughout its course.' In what I have designated the cancellous form of uric acid calculi the nucleus consists of an aggregation of cuboidal crystals, entirely wanting the elongation of those which construct the compact variety. Such cuboidal crystals may be encountered singly or even in groups in uric acid sediments (Rieder and Delepine's Atlas, P1. vi, fig. 4 ; P1. xxii, fig. 6 ).
The term " nucleus " is commonly used to imply that the central portion of a calculus has a different chemical composition from the rest, so that a calculus of uniform composition is not spoken of as having a nucleus at all. The study of microscopic sections shows that structurally such a definition is inadequate. In the cancellous variety the nucleus, as already mentioned, is an aggregate of loosely arranged crystals, which is followed by a " body " of wavy interconnected zones, or arcades, of somewhat similar crystals, devoid of radial elongation; and in the compact variety, the dense mass of radiating columns in some cases takes its point of departure upon a minute collection of cuboidal crystals. In urlnary sediments of uric acid one may recognize in miniature these different methods of construction.
It is one of the established facts in regard to crystallization that the genesis of crystals, as distinguished from their growth, takes place only in a supersaturated or " labile" solution. In the production of such no foreign material is necessary. In the case of less highly saturated or " metastable" solutions, crystallization is started only by the presence of crystals introduced or previously formed during a labile condition.
It will be evident from this that in the formation of uric acid sediments as well as of calculi, the secretion of a urine supersaturated in uric acid is necessary before crystallization can occur; the presence of shed epithelium, &c., is not necessary to start it in the supersaturated fluid, and it would be quite unable to do so in a urine that was simply saturated.
The Elongation of the Crystals. Although the radial distribution of the elongated crystals might be attributed to a central attraction, experiments have hitherto failed to show that the direction of crystallization can be influenced by magnetic causes. In certain investigations by Mr. T. C. Porter,' it seemed at first as though an orientation of crystals growing in a magnetic field (as watched under the microscope) was attributable to the last-named cause, but the orientation admitted of being explained by the direction in which the surface of the glass side had been rubbed before cleaning it for experiment. If there be any such effects they require, remarks the author, in order to show them indisputably, more powerful fields than those of the very powerful electro-magnets used by him. The radial disposition is one thing; the length of the crystals in the compact variety, or in the compact zones of the cancellous variety, is another.
One of the most striking differences between the crystalline forms met with in urinary sediments of uric acid, and in calculi, is the extraordinary length assumed by the crystals in the compact varieties. The hypothesis best fitted to explain primary crystalline elongation is that put forward by Miers, and is that it arises in connexion with supersaturation of the fluid from which crystallization takes place. One of the most striking illustrations of the phenomenon is the well-known form of crystallization which occurs in a supersaturated solution of sodium hyposulphite or thiosulphate. If a crystal of the salt be dropped into a beaker of the supersaturated fluid fine crystals start out radially from the body introduced, extending through the whole volume of the fluid, which in a short space of time becomes completely solid with the production of a sensible degree of heat; the insertion of the crystal is not essential, for movement alone of the flask or beaker will bring about a general, though less regular, crystallization.
The explanation of crystalline elongation put forward by Miers2is Proc. Roy. Soc. Lond., 1904, lxxiii, p. 5. that, given an initial aggregate of crystals spontaneously formed in a supersaturated or "labile " solution, the fluid immediately around the sides of each will be reduced in its degree of saturation ipsofacto by the abstraction from the fluid of the material which has resulted in the crystallization; the process of accretion will, therefore, be retarded or temporarily suspended in this situation, whereas, on the contrary, the end of the crystal is free to advance unchecked, or checked in a less degree, into the still supersaturated fluid beyond. It might be thought that it would follow as a corollary that an isolated crystal, of which the normal figure was of the shorter type, would not elongate in the same way, since the desaturation or reduction of the " labile " state of the circumjacent fluid to the " metastable," would not be greater at one spot than at another; and that the elongation would require the presence of other crystals in its immediate vicinity, the continued growth of which would reduce the saturation between the adjacent portions of the elements of the group. It has been shown, however, that a series of currents are set up on the sides of the growing crystal which result in a flow of the fluid towards and beyond its point; this may explain the undoubted fact that a crystal may elongate to a marked degree when far removed from others in its neighbourhood. The elongation of one or both ends of a rhomnb (already referred to under uric acid sediments) is explicable on the same principle-viz., the advent of a supersaturated urine upon crystals which have already grown under other circumstances. Differences in the degree of saturation of the urine may, on this hypothesis, determine the initial difference in structure between the cancellous and the compact varieties of uric acid calculi, the latter of which is particularly characterized by the length of the crystals. The occurrence of coompact zones in the cancellous variety, composed of long slender radially set crystals, may be attributed to the temporary excretion of a more highly saturated urine; and the occurrence of cancellous zones in the compact variety, to the opposite condition. In the case of compact calculi without a differentiated nucleus, the crystallization would start in a supersaturated urine as a microscopic radial aggregate. Once started, however, the subsequent history may be one of slow or of more rapid growth, according to the condition of the urine; and in the same calculus there mnay be evidence that the rate has varied at different periods. The huge transversely striated, closely compacted cones that construct the centre of the compact variety of calculus have grown slowly in urine, not saturated to the labile degree, any interstices originally present in the initial stage (which may have been rapid in its course) having slowly become filled, and the solid sphere so resulting having continued to increase by the periodic addition of layers to the bases of the individual columns or cones forming its surface.
The zones constructed of more slender, long, radially set crystals with intermingled fine, rod-shaped crystalline material are of more rapid production. As already noticed, this fine material consists, like the rest, of uric acid. At first a certain difficulty presents itself in the fact that the same chemical substance should assume two so different forms. But such fine crystallization can be brought about in both labile and metastable solutions by shaking. Miers has noticed that the passage of a solution to a supersaturated or labile condition is recognizable by a sudden change in the refractive index, and by the showers of crystals produced if the liquid is agitated. If there are crystals already present, clouds may also appear in the metastable solution under similar conditions.
In the case of calculus formation it would appear, then, that the movement of a labile or even of a metastable urine will account for the constancy and abundance of the finely divided crystalline material which is showered upon the surface and between the crystals of the longer kinds produced in the supersaturated solution, as well as about the shorter cuboidal forms growing in a metastable fluid.
That no material centre is needed as a nucleus in the genesis of lamiin. And their presence is explained by these observations. In the production and growth of calculi some importance may be attributed to the imiovement of the urine. Besides the currents set up by the passage of the urine from the ureters, it must be remembered that the unceasing rythmical contraction of the bladder will materially add to the mnovenlent of the contained fluid. In the case of renal or ureteral calculi there would be the m-ovement arising from the constant flow of the secretion.
As to the origin of the cuboidal crystals that start the cancellous variety of calculus, seeing that crvstallization can colmmence onlv in in conversation with me, to attach the higher importance) must be associated-viz., the thermal increase arising as a result of the crystallization. The crystallization on the surface would be attended with the evolution of heat; this would raise the temperature of the fluid in the immediate vicinity and increase the solubility of the substance in solution; when, by convection, this fluid is replaced by that beyond, deposition will again commence, and so on interminably.
The Distribution of Radial Form. By reason of its siinplicity and wide occurrence, the radial form may be regarded as one of the fundamental or elementary constructive types in Nature. To this type many of the illustrations adduced by Sir Thomas Browne in his " Garden of Cyrus, or the Quincuncial Lozenge,"' may, with a greater degree of truth, if less of fancy, be referred. The quincunx is the device represented by a central and four equidistant points set at the angles of an imaginary square. And amongst the multifarious illustrations which Browne, in his pursuit of the quincunx, contrives to bring together, are all the cruciform dispositions obtaining in plants and animals. It will be obvious, however, that the cross as distinguished from the five imaginary points which may be taken to underlie it, is really a simple form of radial construction, the radii of which happen to be four instead of three, or five, or any other number, occurring amongst natural objects.
The crystalline rosettes and spheres of urinary sediments and calculi are of very diverse magnitude. They range from microscopic objects to the largest forms of compact calculi. The spherules produced in crystallizable solutions, by the presence of colloids,2 are not strictly abrogations of crystalline form, but modifications. For a close examination shows that the spheres, however regular their exterior may be, are constructed of minute radially set crystals. The spheres and dumb-bells of urinary sediments, whether of sodium or ammonium urate, or of calcium oxalate, are equally crystalline in their minute constitution. Between these spherules or microscopic, and macroscopic calculi there are all gradations. The smooth spherical variety of oxalate calculus is constructed in precisely the same way as the microscopic spherule, and so likewise is the compact variety of uric acid. The gigantic enteroliths which not rarely form in the stomach and intestinal canal of the horse exhibit a similar construction. There is a unique collection of such calculi in the Museum of the Royal College of Surgeons,.the largest being no lesvs than 2 ft. 3 in. in circumference. Chemically they consist of ammonio-magnesiun phosphate, and in the centre of not a few there is displayed a nail, or a. piece of flint, or a pebble, which has served as a nucleus.
Of the different theories which have been advanced regarding the construction of the Earth, the one which has been longest held is that its centre consists of molten metallic and mineral substance. This theory is based chiefly on the fact that the temperature rises with the distance from the surface, and upon the evidence furnished by the exit of molten material in volcanic eruption. Against this view it has been pointed out by Lord Kelvin that the Earth's crust, were the globe for any great extent centrally fluid, is not of a sufficiently coherent nature to enable it to withstand the stress to which it is subjected by the attraction of the sun and moon, the production of the tides being a ready proof of its general rigidity. Hence the belief now current that the centre is solid. Whatever its chemical composition, I venture here to suggest that the centre is not merely solid, but that it is radially crystalline.
Fancy might picture the peaks, say, of the Himalayas as the free ends of primitive gigantic radial columns of the original sphere, but the fact that these, like the Alps, consist extensively of organically formed rock-of limestone, composed largely of the exoskeletons of marine life-proves that they have once formed the beds of oceans from which the sea has been displaced by their upheaval. The Earth's crust, with which alone geology is concerned, has an everchanging history; the central core is stable. Some form of nebular hypothesis is that still in favour as best explaining the origin of the solar system. Whether the revolving nebula, conterminous with what is now the farthest planet of the system, were originally gaseous, or were a cloud of discrete solid masses, would not effect the final result. For if gaseous, the production of fluid would intervene before that of solid material, and if a solid sphere arose as a result of the attraction and fusion of lesser discrete masses, a fluid state would have at some time to be postulated from the heat generated by the impact. In discussing the cause of the Earth's internal heat, George Romanes1 argues that there would be few sufficiently violent collisions I Proc. Roy. Soc. Edin., xxiv, 1903. to liquefy such masses until the conglomerate into which they might collect became so large as to cause very high velocities of approach by reason of their gravitating influence: not until a central mass approximated the size of the moon would it have power to produce such velocities of impact as would liquefy the body striking and the part struck, and such heating would always be superficial. He holds, after Helmholtz, that the internal heat is due to contraction. The view that the primal nebula was gaseous, is supported by the fact that existing nebulae give spectra such as are furnished only by material in a gaseous state.
The genesis of the moon is best explained, moreover, by its having been centrifugally detached from the Earth whilst the latter was still in the fluid state. Now, given a sphere of molten material revolving free in space and unacted upon by environment, on solidifying it would, I venture to submit, crystallize in the radial direction, though not from its centre, but from without inwards. The solidification would commence at the surface as a result of the radiation of heat, and it would proceed thence inwards. Pari passu with the contraction of the solidifying exterior an increasing pressure would be exerted upon the fluid within; the latter would acquire, as a result, the solid condition even though its temperature exceed that of the surface, which still holds true. The two things would proceed concurrently; the inereasing pressure from without, and the progressive solidification within, until the whole of the remaining fluid in the centre were eventually rendered solid. The process of solidification would probably take a main course of the kind to be observed in a spherical flask of supersaturated solution of sodium hyposulphite when crystallization is started at its surface.
If such a flask is cooled on the exterior by pumping ether over it, crystallization starts at a certain number of points on the inner surface of the glass, and rapidly extends radially from each as a centre. The result is the production of a series of huge compact cones, the lateral extension of each of which is limited by its meeting with those which are simultaneously growing from neighbouring points.
The lines of apposition are quite obvious. The method, I have indicated in the accompanying diagram, although the natural result is, of course, wanting in the mathematical regularity shown (fig. 2) .
That no such radial construction is at present evident in the crust is, of course, only what may be expected, by reason of the long series of upheavals of which it has been the seat. It is commonly held to be the general contraction which has brought about the irregular eleva-tions of the exterior, and that the splitting of the crust accompanying volcanic eruption has the same source. It is assumed that collections of molten material are still actually present in the deeper parts, but it seems to me that such a supposition is not strictly necessary, and that, on the local diminution of the superjacent pressure which would result from fission, the deeper material might again become fluid, and appear as the molten substance ejected in volcanic eruption. Showing the method of crystallization of a supersaturated solution of sodium hyposulphite as observed in a spherical flask, when started by cooling the surface with ether. The course of the crystallization occurring under these conditions possibly reproduces that by which the fluid mass originally composing the Earth, became solid, though the production of secondary centres of crystallization in the deeper fluid during the solidification would disturb the regularity of the final result. The crystals formed in the experiment are acicular; their direction only is indicated in the diagram. I have systematically inspected the large collection of meteorites in the British Museum, and those in the Museum of Geology, with the object of seeing whether they throw any light upon such a view of the radial construction of the Earth's core. But they do not, and cannot, for the reason that, contrary to other belief, meteorites, whatever their composition,' reach the earth in the same condition in which they enter its atmosphere. The circulating interplanetary solid is not rendered gaseous and then reconstructed during its passage through the Earth's atmosphere; the surface of the meteorite becomes incandescent, and nothing more. Not a single one is spherical, or shows any segment of a sphere, as some assuredly would upon fracture, were they once spheroidal. The fact that such bodies, moreover, in a few instances have been found almost cold when examined very soon after their fall, proves that they cannot have lost and regained their original solid condition; the incandescent surface, in fact, becomes cooled during the transit of the body through the air. The action of acid upon the polished surface of siderites brings out lines of crystallization, known, after their discoverer, as Widmanstatten figures (1808), but these observe no radial disposition.
Mr. Prior was good enough to examine, microscopically, with me some of a small sample of dust obtained from a Greenland glacier, and preserved in the mineralogical collection at the British Museum, for it seemed to me that, if meteoric, it might possibly consist of spherules reconstructed from solid which had passed through a gaseous or a molten state. We found, however, that the dust consisted solely of irregular particles, which Mr. Prior pronounced to be aggregated crystals of quartz. The dust in question is almost certainly not of meteoric but of terrestrial-i.e., volcanic-origin, and has been carried by winds to the region whence it was obtained. ' (1) Meteoric iron, "Siderites"; (2) Nickeliferous iron in sponge-like masses, of which the interstices are filled with silicates, "Siderolites ; (3) Silicates, &c., with smaller amounts of nickeliferous iron, " Aerolites. "
